Eating of excessive raw or undercooked environmental snails produces angiostrongyliasis demyelination caused by Angiostrongylus cantonensis (A. cantonensis). The aim of this study was to investigate the association between extracellular signal-regulated kinase (Erk)1/2-nuclear factor (NF)-κB pathway and myelin basic protein (MBP) expression in RSC96 Schwann cells treated with A. cantonensis-conditioned culture medium, which was prepared by culturing the third-stage (L3) nematode larvae in DMEM for 72 h. The supernatants were collected and filtered before use. Our results showed that MBP was produced in the RSC96 cells at 16 h to 48 h post-stimulation (PS). Phosphorylated (p)-NF-κB levels were significantly increased from 8 h to 48 h PS, as were the p-Erk1/2 levels at the same time points. Additionally, expression of p-NF-κB and MBP was significantly decreased by treatment with QNZ, an NF-κB inhibitor. Treatment with PD98059, an Erk kinase inhibitor, efficiently reduced p-Erk1/2, p-NF-κB and MBP expression in the Schwann cells. These results suggest that A. cantonensis-conditioned culture medium induced suppression of the Erk1/2-NF-κB signaling pathway leading to reduced MBP production in RSC96 Schwann cells. Thus, inhibiting this signaling intermediate involved in MBP expression may be a potential method for controlling inflammatory development of A. cantonensis-induced MBP changes in preceded demyelination.
Introduction
Angiostrongylus cantonensis (A. cantonensis) is a nematode parasite found in the lung of rats. When humans unintentionally ingest third-stage (L3) nematode larvae in food items such as snails, slugs or vegetables that are eaten raw or undercooked, angiostrongyliasis is developed (1) . The most prominent features of angiostrongyliasis include severe central nervous system (CNS) inflammation, eosinophilic meningitis (9) or demyelination (18) .
The integrity of the myelin wrapping around myelinated axons in the mature mammals is important (28) . The myelin originates from and is a part of the Schwann cells in the peripheral nervous system (PNS) and the oligodendroglial cells in the CNS. Myelin is a fatty white substance that surrounds the axon of some nerve cells, forming an electrically insulating layer, and is, therefore, essential for the proper functioning of the nervous system (24, 28) . Demyelination is the loss of the myelin sheath, and is the hallmark of some inflammation diseases, including multiple sclerosis (2, 19) , demyelination in angiostrongyliasis (3, 9) , or acute disseminated encephalomyelitis (14) . Myelin basic protein (MBP) is one of the proteins composing the myelin sheath (3) , and it maintains the correct structure of the myelin, and interacts with the lipids in the myelin membrane (4) . MBP dysregulation leading to myelin damages affect function and existence of the organism (6) .
Previous study revealed that A. cantonensis infection caused the alterations of myelin proteins, including MBP, in inflammatory demyelination of BALB/c mice (6, 9) . However, the mechanism of MBP change in the above process is unclear. Activation-associated secreted protein had been found in many helminthes, which was associated with pathogenesis and stage transition (8) . Additionally, Yang et al. has mentioned that the activationassociated secreted protein expressed most highly in the brain-stage larvae (L3 stage) of A. cantonensis and played a role in the pathogenesis of human angiostrongyliasis (31) . Moreover, L3 larvae, maintenance in vitro, kept high infective rate to the snail and rat (32) . Therefore, we used L3 stage A. cantonensis-conditioned culture medium to treat rat RSC96 Schwann cells to investigate the mechanism of MBP alteration in vitro. Then, hoping the above finding mechanism will be validated by animal experiments in vivo.
Materials and Methods

Chemicals and Reagent
The inhibitor PD98059 (CAS Number: 167869-21-8) and QNZ (CAS Number: 253-82-7) were purchased from Sigma-Aldrich (St. Louis, MO, USA). extracellular signal-regulated kinase (Erk) 1/2 (#9102), phosphorylated (p)-Erk1/2 (#9101), nuclear factor (NF)-κB (p65) (#8242), p-NF-κB (p65) (#3033), MBP (#78896) and β-actin (#4967) were purchased from Cell Signaling Technology (Danvers, MA, USA).
Larval Preparation
The infective larvae (L3) of A. cantonensis originally obtained from wild giant African snails (Achatina fulica) were purchased from Heping District (Taichung, Taiwan). The larvae within tissues were recovered using a modification of the method of Parsons and Grieve (26) . Briefly, the shells of the snails were crushed, the tissues were homogenized and digested in a pepsin-HCl solution (pH 1-2, 500 I.U. pepsin/g tissue), and incubated with agitation in a 37°C water bath for 2 h. Host cellular debris was removed from the digest by centrifugation at 1,400 × g for 10 min. The larvae in the sediment were collected by serial washing in double-distilled water and counted under a microscope. The morphological criteria for identification of L3 of A. cantonensis was described previously (10) . The larvae were then cultured in Dulbecco's modified Eagle's medium (DMEM; Gibco Life Technologies, Carlsbad, CA, USA) supplemented with 10% fetal bovine serum (FBS), 4 mM L-glutamate, 1.5 g/l sodium bicarbonate, 4.5 g/l glucose in humidified atmosphere and 1% penicillin/streptomycin in a 5% CO 2 humidified incubator at 37°C. After 72 h of incubation, the supernatant was collected and centrifuged with Amicon Ultra 0.5 ml filters (30K MWCO) (Merck Millipore, Burlington, MA, USA).
Cell Culture
Rat RSC96 Schwann cells were purchased from the Bio-resource Collection and Research Center (BCRC, Hsinchu, Taiwan). Cells were cultured in DMEM supplemented with 10% FBS, 4 mM L-glutamate, 1.5 g/l sodium bicarbonate, 4.5 g/l glucose in humidified atmosphere and 1% penicillin/streptomycin in a 5% CO 2 humidified incubator at 37°C. Cells were cultured in serum-free medium for 4 h and treated with A. cantonensis-conditioned culture medium under different conditions.
Treatment of Cells
Based on time-dependent experiments, p-Erk1/2, p-NF-κB and MBP reached relatively high levels in the RSC Schwann cells at 24 h of treatment using the A. cantonensis-conditioned medium. Therefore, 24 h was chosen as a suitable time point to treat the Schwann cells with PD98059 or QNZ. For QNZ treatment, A. cantonensis-conditioned mediumtreated cells were randomly divided into six groups: control groups, stimulated groups, dimethyl sulfoxide (DMSO) (0.1% DMSO) vehicle control groups, and 5 nM, 10 nM and 20 nM QNZ treatment groups. Additionally, in PD98059 treatment, A. cantonensisconditioned medium-treated cells were randomly divided into six groups: control groups, stimulated groups, vehicle (0.1% DMSO) control groups, 5 μM, 10 μM and 20 μM PD98059 treatment groups. QNZ and PD98059 were added to the cells as DMSO solutions with a final concentration of 0.1% DMSO, as in the DMSO vehicle group samples.
Western Blotting
RSC96 cells were lysed in radioimmunoprecipitation assay (RIPA) buffer (20 mM Tris-HCl, pH 8.0, 150 mM NaCl, 2 mM MgCl 2 , 0.1% sodium dodecyl sulphate (SDS) and 1% Triton X-10) containing the following protease inhibitors: 0.1 mM phenylmethanesulfonylfluoride or phenylmethylsulfonyl fluorid (PMSF), 10 μM sodium orthovanadate, 1 mM NaF and protease inhibitors tablet (Roche, Branchburg, NJ, USA), and centrifuged at 13,000 rpm for 30 min at 4°C and the supernatants were collected. Protein concentrations were determined using the Bradford Assay (Bio-Rad, Hercules, CA, USA), after which the protein samples were separated by 15% SDS-polyacrylamide gel electrophoresis (SDS-PAGE). The resolved protein bands were then transferred to a polyvinylidene fluoride (PVDF) membrane (Merck Millipore). The membrane was blocked with 5% de-fat milk in phosphate buffered saline (PBS) (pH 7.4) and then exposed to the appropriate antibodies (1:1,000). All bands were visualized using horseradish peroxidase-conjugated secondary antibodies (1:10,000) (Santa Cruz Biotechnology, California, CA, USA) using an enhanced chemiluminescence system (Merck Millipore). Western blotting analysis results reported here are representative of at least three independent experiments.
Statistical Analysis
Results obtained from the different groups were compared by use of the nonparametric KruskaleWallis test, followed by post-testing using Dunn's multiple comparisons of means. All results are presented as mean ± standard deviation (SD). A P-value of less than 0.05 or 0.01 was considered as significant. Statistical analyses were performed using the SigmaPlot 11.0 edition.
Results
The Levels of MBP on RSC96 Cell Treated with A. Cantonensis-Conditioned Culture Medium
By western blotting analysis, in the cell homogenates, the MBP were detected low levels at 4 h and 8 h as similar to control. Furthermore, the MBP were significantly increased at 16 h, 24 h and 48 h in the cell homogenates. The experiments were repeated three times in different cell homogenates with consistent results (Fig. 1) .
Elevated Expression of NF-κB and Erk1/2 in RSC96 Cells Treated with A. Cantonensis-Conditioned Culture Medium
Using western blotting analysis, we performed immunoblots of the RSC96 cell homogenates treated with A. cantonensis-conditioned medium. The total NF-κB and Erk1/2 bands were detected in all groups. p-NF-κB and p-Erk1/2 levels significantly increased in the cell homogenates between 8-48 h of treatment compared with the control (Fig. 2) . Quantitative analysis of the MBP bands. The analysis was performed using a computer-assisted imaging densitometer system on cell homogenates. Mean ± SD of three independent experiments in duplicates. *P < 0.05, **P < 0.01 indicate a significant difference as compared with the control groups.
Influence of QNZ Treatment on NF-κB and MBP Levels
NF-κB, p-NF-κB and MBP protein levels in the cell homogenates were also monitored using western blotting analysis. The p-Erk1/2, p-NF-κB and MBP levels reached relatively high levels at 24 h (Figs. 1  & 2) . Thus, this time point was used for the following inhibition tests. In the QNZ inhibitory tests, p-NF-κB and MBP levels were significantly increased in the stimulated groups compared to the control groups. p-NF-κB and MBP did not significantly change in the vehicle and the 5 nM QNZ groups. However, marked reductions were observed in the 10 and 20 nM QNZ groups. The total NF-κB bands were detected in all groups. The experiments were repeated three times with similar results (Fig. 3) .
Influence of PD98059 Treatment on Erk1/2, NF-κB and MBP Levels
Protein levels of Erk1/2, p-Erk1/2, NF-κB, p-NF-κB and MBP in cell homogenates were assessed using western blotting analysis. In the PD98059 inhibitory tests, p-Erk1/2 and p-NF-κB levels were significantly increased in the stimulated groups compared to the control groups. p-Erk1/2 and p-NF-κB did not significantly change in the vehicle and the 5 μM PD98059 groups. However, marked reductions were observed in the 10 and 20 μM PD98059 groups. The total Erk1/2 and NF-κB bands were detected in all groups. Furthermore, MBP was significantly decreased in the 20 μM PD98059 groups compared to the stimulated groups in three experimental repeats (Fig. 4) .
Discussion
Schwann cells are the principal glial cells of the PNS. In peripheral nerves, Schwann cells form myelin, which facilitates rapid conduction of action potentials along axons in the vertebrate nervous system (7) . Myelination in the PNS requires close contact between Schwann cells and the axon. In contrast, demyelination impairs nerve conduction, induces inflammatory cascade and causes axonal loss (5, 21) . Moreover, demyelination is often accompanied by MBP production: BALB/c mice infected with A. cantonensis elicit demyelination, which implicates alterations of myelin proteins, including MBP (17) . Interestingly, we likewise found MBP production in RSC96 Schwann cells in response to treatment in A. cantonensis-conditioned culture medium in a timedependent manner.
The low level of NF-κB activation is helpful for Schwann cell myelination (22, 25, 31) . Additionally, manipulating the temporal activation of NF-κB in Schwann cells may offer new therapeutic avenues for PNS and CNS regeneration (23) . In contrast, overexpression of NF-κB in CNS or PNS may cause cell damage and inflammation (2, 15, 16) . Furthermore, MBP expression could be regulated by NF-κB. (11, 26) . In order to determine whether MBP was produced via NF-κB in RSC96 Schwann cells treated with A. cantonensis-conditioned medium, we analyzed the NF-κB and MBP expression levels in RSC96 Schwann cells in response to stimulation in A. cantonensis-conditioned medium with or without QNZ, an NF-κB inhibitor. Our results showed NF-κB activation in a time-dependent manner, and p-NF-κB and MBP showed decreases in response to QNZ. Although NF-κB participates in the molecular mechanism of RSC96 Schwann cells in response to stimulation by A. cantonensis-conditioned medium, NF-κB may be regulated through different signaling cascades, such as the mitogen-activated protein kinase (MAPK) pathway (12, 13, 20, 30) . Human astroglia infected with Toxoplasma gondii (20) and murine mast cells in response to Toxoplasma gondii infection (29) may activate ERK cascades, leading to downstream increased NF-κB activity. Thus, we analyzed the associations among Erk1/2, NF-κB and MBP in RSC96 Schwann cells in response to A. cantonensisconditioned medium stimulation. Our results showed that Erk1/2 activation and that the Erk1/2, NF-κB and MBP were efficiently reduced by PD98059, an Erk1/2 inhibitor. Thus, we proposed A. cantonensisconditioned medium-induced MBP production might be mediated by the Erk1/2-NF-κB pathways.
We also found that MBP was produced via the Erk1/2-NF-κB pathways in Schwann cells treated with A. cantonensis-conditioned culture medium. But the nature of the substance of the A. cantonensis-conditioned medium that cause this phenomenon was not determined. Further studies are also required to resolve whether MBP production in oligodendroglial cells infected in A. cantonensisconditioned medium is also produced through the Erk1/2-NF-κB pathways. Based on our results presented here and in the previous study of Lin et al. (17) , we postulate that through blocked Erk1/2-NF-κB activity can improve MBP over-production and RSC96 Schwann cells damage.
